Cases of carpal tunnel syndrome (CTS) secondary to ganglion cysts are sparse in the literature. The purpose of this case report is to demonstrate clinical and magnetic resonance imaging (MRI) findings of CTS secondary to an intra-tunnel ganglion, with denervation of the abductor pollicis brevis muscle (APB). A 42-year-old female presented with worsening pain, numbness, and tingling in the right hand of several months duration. Median sensory and motor latencies were consistent with CTS. MRI revealed a cystic mass within the carpal tunnel, which displaced and compressed the median nerve. Additionally, homogenous high signal intensity within the APB was detected, consistent with acute denervation. The diagnosis of CTS secondary to ganglion cyst was confirmed intraoperatively, with median nerve decompression and cyst removal.
Introduction
Carpal tunnel syndrome (CTS) is the most common of all compression neuropathies, resulting from undue pressure or tension on the median nerve at the wrist level. Patients often present with functional neural compromise, namely, paresthesia and/or sensation deficits in the radial 3.5 digits. The first two lumbricals and the muscles of the thenar eminence are innervated by recurrent branches of the median nerve. They may undergo motor function loss and eventual denervation and atrophy with CTS. The most common compression sites are the proximal carpal tunnel, and near the hook of hamate [1] . There is a 3:1 predilection for females; reported incidences vary from approximately 1.5-3.8% [13] .
The diagnosis of CTS is generally clinical; confirmatory testing may be used for further evaluation. The purpose of this case report is to demonstrate clinical, electrodiagnostic (ED), and magnetic resonance imaging (MRI) findings in a patient with carpal tunnel syndrome secondary to compression by a rare etiology, a ganglion cyst. Additionally, the resultant denervation of the abductor pollicis brevis muscle (APB) is demonstrated on MRI images.
Case Presentation
A 42-year-old female, who worked as a full-time secretary for 15 years, was referred by her family physician to the neurology department with persistent pain, increasing numbness, and tingling in her right wrist and hand. The symptoms started intermittently some months prior, and worsened in the last 3 weeks. The pain and tingling increased in intensity during wrist flexion, and radiated to the first three fingers, and occasionally to the fourth. At the time of consultation, she was unable to grip or hold objects with her right hand. She did not recall any direct trauma to the wrist, and had no history of systemic disease or inflammatory disorders. She had no fever or other signs of infection, and had not traveled out of the country for at least 5 years.
On physical examination, there was no swelling, discoloration, or scars. Pain and tingling were reproducible by wrist flexion, and the range of sagittal plane rotation was reduced. Tinel's test was positive, and the Phalen maneuver was positive within 25 s.
On admission, a complete blood examination revealed low-level C-reactive protein. A nerve conduction velocity (NCV) study confirmed a significant reduction in median sensory and motor velocities; measurements showed > 8 m/s difference in motor conduction velocities between the second and fifth digits, consistent with clinical carpal tunnel syndrome. A preoperative MRI of the right wrist was requested.
The MRI examination included one series of fluid-sensitive images in the axial plane, for optimal assessment of the carpal tunnel and its contents. Additional images were acquired with and without fat saturation in sagittal and coronal planes. The axial images revealed a well-defined, high signal intensity cystic mass within the carpal tunnel, between the deep and superficial flexor tendons. The mass extended from the posterior aspect of the tunnel to near the flexor retinaculum, with slight displacement of the flexor tendons. The median nerve appeared smaller than average, and flattened due to partial compression by the space-occupying cystic lesion ( Fig. 1 ). There was no sign of synovitis or tenosynovitis within the tunnel. Homogenous intra-substance high signal intensity was detected in the abductor pollicis brevis muscle. The high signal was confined by the muscle fascia, consistent with an area of muscular edema from acute denervation (Fig. 2) .
The diagnosis of carpal tunnel syndrome due to compression by a ganglion cyst was confirmed per-operatively, with cyst removal and median nerve decompression. The patient was lost to follow-up after surgery.
Conclusions
Ganglion cysts cause a small number of CTS cases; they are benign tumors thought to form by coalescing mucin droplets. Cysts in the dorsal wrist are most common, though approximately 20-30% occur ventrally. They generally communicate with the flexor tendon sheaths, or with the intercarpal joints via one-way valves and pedicles [2] . When located in or near the carpal tunnel, they may compress the median nerve directly. Most ganglion cysts are clinically evident as firm masses, which adhere to wrist joints or tendon sheaths. MRI and diagnostic ultrasound (US) may be used to detect and further evaluate ganglia. Surgical removal is considered the gold standard treatment.
The diagnosis of CTS is generally based on clinical findings, such as sensory loss in the hand, and/or weakness of the abductor pollicis brevis muscle. ED studies are used as confirmatory tests prior to surgery; median distal motor latency (DML) is most commonly performed. Motor NCV has a sensitivity of at least 79.4% and a specificity of 95.7% for diagnosing CTS [4] .
US is a non-invasive and cost-effective first-line imaging technique for evaluating CTS. A measured cross-sectional area (CSA) > 10 mm 2 proximal to, and at the immediate entrance of, the carpal tunnel yields sensitivity and specificity comparable with ED studies [5] . On MRI, the median nerve has high signal intensity and increased CSA at the proximal carpal tunnel; flattening of the median nerve with flexor retinacular bowing is a useful sign near the hook of the hamate. Reported sensitivity and specificity of MRI in diagnosing CTS range from 23 to 96% and 39-87% respectively [6] .
In addition to peripheral nervous system abnormalities, patients with CTS display altered CNS processing with altered cortical somatotopic separation of the involved digits in S-1 and the adjacent fractional white matter anisotropy. These CTS findings are demonstrated on functional brain MRI and diffusion tensor imaging respectively [16, 17] . The CNS findings are correlated with worse clinical symptoms, and suggest that CTS results in not only local neuronal changes, but also in cortical changes. Local acupuncture of the involved wrist has been shown to improve both local and central findings, indicating that cortical neuroplasticity may play a role in outcomes for patients with CTS [17] .
A simple cyst on US appears well circumscribed and anechoic, with posterior acoustic enhancement. Internal septations may be present. No Doppler flow is demonstrated in cyst walls. On MRI, cysts have low signal intensity on T1weighted images, with high signal on fluid-sensitive sequences. Volar wrist cysts generally originate near the scapholunate ligament. Determining the origin is important for surgical planning; a cyst originating in the radiocarpal joint is managed arthroscopically, while other sites require open surgery. US is useful in this regard, though deeper locations are better visualized with MRI [7] .
Imaging techniques have been increasingly implemented in recent years for evaluating muscle denervation and atrophy, especially when clinical evaluation is limited. MRI is very sensitive to this end; muscle shape, size, and signal characteristics allow clinicians to classify and quantify atrophic changes, thereby elucidating the most likely etiologies. Dixon fatsuppression techniques may be used to calculate muscle fat fractions in quantitative MRI, thereby providing additional information about disease progression [18] .
In cases of motor denervation, signal abnormalities may appear on MRI within 24 h of onset, reaching a maximum approximately 4 weeks thereafter [18] . Uniformly increased muscle signal intensity is the primary finding on fluidsensitive sequences, caused by widening of intramuscular capillaries and subsequent edema. There is generally no perimuscular, fascial, or subcutaneous fluid around the edematous muscle. Sub-acutely, signal abnormalities are persistent. Denervated muscles also accumulate gadolinium in contrastenhanced exams.
In chronic cases, fatty replacement occurs, resulting in the return of low signal intensity on fluid-sensitive sequences [8] .
In CTS, thinning of thenar muscles is a valuable sign indicating chronic denervation atrophy in both MRI and US imaging. Short axis length and short axis: long axis ratio on MRI correlate with distal motor latency (DML) results, and may be used as a less invasive confirmatory findings [9] . Automatic segmentation using machine learning algorithms has shown high levels of accuracy in thigh muscles secondary to chronic spinal cord injuries [19] . It is possible that other muscle groups with denervation atrophy may be similarly amenable to evaluation using machine learning algorithms.
Conservative care is often employed in the treatment of uncomplicated CTS. Moderate to strong treatment effects have been reported with night splinting, ergonomic keyboard use, therapeutic ultrasound, magnetic field therapy, corticosteroid injections, cupping, and oral steroids in the short term. Oral and injected steroids have long-term treatment effects [10] . There is limited evidence of short-term clinical improvements with acupuncture, and adverse events are possible [11] . Manual therapy, nerve gliding exercises, and electrophysiological modalities improve nerve conduction and pain reduction and improve functional status [12] .
There is strong evidence for symptom improvement in surgically treated CTS compared with conservatively treated patients at 6 months, and moderate evidence for greater improvements at 18 months [13] . Higher health utility, less comorbidities, less anxiety, and lower symptom severity at onset are associated with favorable surgical outcomes. A shorter duration of symptoms, no prior injections, and lower severity at onset indicate better outcomes for corticosteroid injections [14] .
There is a higher likelihood of patients returning to work in less than 2 months when work duties are unaffected by CTS. Poorer outcomes are associated with older age, lower household income, and greater functional limitations, along with numerous work-related factors [15] .
Prolonged awkward postures, vibration, and repetitive movements are occupational risk factors for CTS. Food preparation, manufacturing, telephone operating, and electronic industries have relatively high incidence of CTS [3] . Ergonomic interventions and tool development may aid in minimizing inciting activities.
CTS is rarely caused by ganglion cysts in the volar wrist. Although the diagnosis is established by clinical means in most cases, MRI, US, and ED studies may be necessary to evaluate median neuropathy. Surgical cyst removal is the gold standard treatment.
Author Contributions All authors provided substantial contributions to the conception and design of the study, drafting and revising of the article, and final approval of the manuscript.
Compliance with Ethical Standards
Conflict of Interest The authors declare that they have no conflict of interest.
Ethical Approval All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee, and with the 1964 Helsinki declaration, and its later amendments or comparable ethical standards. This article does not contain any studies with animals performed by any of the authors.
Informed Consent Informed consent was obtained from all individual participants included in the study. The patient described herein provided consent for the publication of this case report.
